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SUMMARY 
Contract  No. NAS-9-8247 requ i res  the submission o f  a m a t e r i a l s  r e p o r t  
every s i x  months. Th is  r e p o r t  summarizes a l l  thermal c o n t r o l  coa t i ng  s tud ies  
conducted on the  program dur ing  the  l a s t  r e p o r t l n g  per iod .  
Thermal c o n t r o l  coa t ing  requirements f o r  t he  h igh  temperature ( w  130O'F) 
components o f  the  HEPS were s tud ied .  
of coa t ing  procedures on the m a t e r i a l s  of cons t ruc t l on ,  copper and Has te l l oy  X .  
Meta l lograph ic  examinat ion was conducted and microprobe s tud ies  were made of both  
coat ings on. severa l  subs t ra tes .  
Two coat ings were se lec ted  f o r  development 
Fe2Ti0 was se lec ted  as the  coa t ing  t o  be app l i ed  t o  HEPS components. 
A s p e c i f i c a t i o n  a e t a i l i n g  the  procedure t o  be fo l lowed i n  coa t ing  p a r t s  was w r i t t e n .  
FeZTiO and CaTiO have been app l i ed  p rev ious l y  t o  310 s t a i n l e s s  s t e e l  
Consequently, work was done t o  t e s t  s u i t a b i l i t y  o f  the  Fe2Ti0 
and co lumbiuwl% 2 i ron ium a l f o y  bu t  no t  t o  copper and Has te l l oy  X a5 requ i red  by 
the  HEPS program. 
and CaTlO 5 f o r  these m a t e r i a l s  and t o  develop an a p p l i c a t i o n  procedure. 3 
DC92-007 was se lec ted  as the coa t ing  t o  be app l i ed  t o  low temperature 
(200-4OO0F) components. Tests were run t o  add t o  known e m i s s i v i t y  and absorp- 
t i v i t y  data.  
INTRODUCTION 
I 
The need t o  ma in ta in  equipment temperatures i n  a lunar  environment was 
immediately recognized as a major task  i n  the  HEPS program. A number o f  adequately 
sized r a d i a t i n g  sur faces,  which prov ide  a sound means o f  energy d i s s i p a t i o n ,  were 
incorporated i n  the  system design. The temperatures o f  these r a d i a t i n g  sur faces 
W i l l  be determined by t h e i r  ne t  energy g a i n  o r  loss r a t e  and by t h e i r  absorptance 
and emi t tance c h a r a c t e r i s t i c s .  Thermal c o n t r o l  coa t ings  a re  needed t o  p rov ide  
these c h a r a c t e r i s t i c s  and mai n t a l  n app rop r ia te  temperatures. 
Table 1 l i s t s  t h e  var ious  r a d i a t i n g  sur faces,  t h e i r  m a t e r i a l s  of cons t ruc-  
t i o n ,  ope ra t i ona l  ambient temperature ranges and thermal g rad ien ts ,  and the  se lec ted  
thermal c o n t r o l  coat ings.  The ind i ca ted  thermal environments o f  the  rad ia t i ' ng  
sur faces suggested a d e s i r a b i l i t y  f o r  two thermal c o n t r o l  coat ings systems; one 
fo r  the  h igh  temperature requirement (> 950'F)and another f o r  the lower temperature 
( <  400°F) components. Other f a c t o r s  which were considered i n  the  coa t ing  s e l e c t i o n  
were t o t a l  hemispher ical  emi t tance s t a b i l i t y ,  s o l a r  a b s o r p t i v i t y  s t a b i l i t y ,  adherence 
and subs t ra te  c o m p a t i b i l i t y  i n  a lunar  environment. I n  a d d i t i o n ,  t he  coa t fng  a p p l i -  
c a t i o n  process and the  necessary hand1 i n g  methozs for coated components d u r i n g  system 
assembly were a l s o  reviewed. 
High Temperature Thermal Contro l  Coating 
Space Power Systems D i v i s i o n  a t  the  NASA Lewis Research Center, y i e l d e d  o n l y  two 
h igh  temperature ( 2  950'F) h igh  e m i s s i v i t y  coa t ings  which appeared t o  be w e l l  
A thorough l l t e r a t u r e  survey, p lus  a v i s i t a t i o n  w i t h  personnel o f  the 
1 
TABLE 1 
SELECTED THERMAL CHARACTERISTICS AND THERMAL CONTROL COATlNGS FOR RADIATING SURFACES 
OPERATIONAL 
-- 
MATERIALS OF AMBIENT TEMP.’F MAXIMUM OPERATIONAL 
COMPONENT CONTRUCTBON _I MIN. - MAX. THERMAL GRADIENT OF. THERMAL CONTROL COATING 
Scroll .& Fin Assembly 
Combustion Chamber 
Rectifier Fi 1 ter Panel 
(Cold Plate) 
Oil Radiator Panel 
Speed Control 
Vol rage Regu 1 a tor 
(E) Estimated 
Hastel loy X 950 
& OFHC Copper, 
Hastelloy X 700 
& OFHC Copper 
6061 Aluminum 200(E) 
6061 Aluminum 350(E) 
6061 Alumihum 180 (E) 
6061 Aluminum 210(E) 
I ron Ti tanate (Fe2Ti0 ) 
Iron Titanate (Fe2Ti0 ) 
< 50 5 1350 
5 1000 700- 1000 Actual Range 
400 (E) 350 (E) -400 (E) DC 92-007 
210(E) < 20(E) DC 92-007 
240 (E) < 30 (E) DC 92-007 
Anticipated Range 
6 
estab l i shed fop space use (l). 
calc ium t i t a n a t e  (CaTiO ) I  which were evaluated on subst rates o f  $10 g t a i n l e s s  
subs t ra te  compat ib i  1 i t y .  The i r o n  t i t a n a t e  (Fe T i 0  ) coatJng exh fb i  ted excep- 
t i o n a l  s t a b i  1 i t y  a f t e r  long-term exposure a t  1860°F under vacuum whl l e  the 
ca lc ium t i t a n a t e  ex er ienced a chemical breakdown a f t e r  s h o r t  exposure a t  1 6 5 O O F  
repor ted i n  Table 2. 
These coat ings [ I r o n  t i t a n a t e  (Fe T i 0  ) and 
f s t e e l  and columbium - 1 %  3 z i rconium, e x h i b i t e d  eml t tance s t a b i l i t y ,  adherence and 
5 
w h i l e  under vacuum( 7 ) *  The e m i s s i v i t y  o f  ca lc ium t i t a n a t e  and i r o n  t i t a n a t e  a r e  
I t  was des i red  t h a t  a h igh  e m i s s i v i t y  coa t ing  be app l i ed  t o  the  HEPS 
s c r o l l  and f i n  assembly which experienced a 1350'F maximum use temperature and 
t o  the  combustion chamber which experiences a 1000°F maximum use temperature. 
Both Fe2Ti0 and CaTiO coat ings appeared thermal ly  acceptable.  Al though the 
bas ic  m a t e r i a l s  o f  cong t ruc t i on  (Haste1 l o y  X and OFHC Copper) were we1 1 es tab l  ished 
by years o f  engineer ing development, the  subst rates/coat lngs c o m p a t i b i l i t y  was 
I n  doubt. To reso lve  t h i s  problem, a t e s t  u t i l i z i n g  s i x  subst rates c o n s i s t i n g  o f  
th ree  base m a t e r i a l s ,  Has te l l oy  X,  OFHC copper and type 310 s t a i n l e s s  s t e e l  (as 
t e s t  s tandard) ,  w i t h  base metal  and n i c k e l  p la ted  sur faces was i n i t i a t e d  (see F igure  
1 ) .  
t o  the  s i x  subs t ra tes  by the  Development Chemistry Sect ion o f  P r a t t  E Whitney 
A i r c r a f t  D i v i s i o n  o f  Un i ted  A i r c r a f t  Corporat ion,  East Har t fo rd ,  Connect icut  under 
the  superv i s ion  o f  D r .  Robert E. C leary.  These coated specimens (12 groups) were 
v isu .a l l y  examined upon rece iva l  e A few specimens, apparent ly  "set-up" pieces o r  
"damaged i n  hand1 ing," were e l im ina ted . f rom the  eva lua t ion .  A number o f  the 
specimens from each group were exposed t o  a temperature of 1 4 0 O O f :  f o r  1 hoi;r i n  
a vacuum. These the rma l l y  exposed coated specimens a re  shown I n  F igures 2 through 
7. V isual  examinat ion revealed bo th  o f  the  app l i ed  coat ings  t o  be adherent t o  a l l  
bf the subs t ra tes .  A l l  o f  the  n i c k e l  p l a t e d  OFHC copper specimens e x h i b i t e d  bl  i s t e r -  
tng. Fu r the r  examinat ion revealed separa t ion  a t  t he  n i c k e l  p la te/base metal i n t e r -  
face. 
of these n i c k e l  p l a t e d  OFHC copper specimens. An eva lua t i on ,  which inc luded many 
'methods o f  removing va ry ing  amounts o f  sur face  metal from the  OFHC copper and 
d i f f e r e n t  n i c k e l  p l a t i n g  procedures, c l e a r l y  i nd i ca ted  t h a t  the b l i s t e r i n g  cou ld  
be a t t r i b u t e d  t o  f o r e i g n  m a t e r i a l  conta ined i n  the  ou te r  0.004 inch  sur face  "sk in"  
o f  the OFHC copper, Adverse e f f e c t s  o f  sur face  contamingnt i n  OFHC copper on 
5 
Both the  i r o n  t i t a n a t e  and the  ca lc ium t i t a n a t e  were app l i ed  by plasma t o r c h  
Both o f  the coat ings  appeared t o  be adherent t o  even the  b l i s t e r e d  p o r t i o n s  
e lec t rodepos i ted  n l c k e l  has a l s o  been repor ted by L. M isse l  c72) . 
"As coated" and "as coated and thermal ly  exposed" specimens from each 
o f  the  12 groups were mounted i n  epoxy and c a r e f u l l y  prepared f o r  e l e c t r o n  beam 
microprobe ana lys i s  by p o l i s h i n g  w i t h  f i n e  diamond abras ive.  
descr ibed i n  Appendix A, i s  capable of i n d i c a t i n g  the  chemical composi t ion g r a d i e n t  
o r  p r o f i l e  o f  the c r i t i c a l  elements i n  the  app l ied  coa t ing  and i t s  subs t ra te .  
A comparison o f  the  chemical composi t ion g r a d i e n t  o f  an "as coated specimen" w i t h  
t h a t  o f  an "as coated and thermal ly  exposed specimen'' w i l l  l n d t c a t e  the r e l a t i v e  
Th is  a n a l y t i c a l  method, 
I s t a b i l i t y  o f  any coat ing-subs t ra te  system. 
NOTE : 
Numbers i n  parentheses r e f e r  t o  references l i s t e d  a t  end o f  document. 
2 
TABLE 2 -- 
( 1  1 E M l S S l V l T Y  OF CALCIUM TiTANATE AND IRON TITANATE 
TOTAL TEST TEST TEST . 
THERMAL CONTROL HEM I $PHERl  CAL TEMP. DURATION VACUUM 
COAT I NG EMITTANCE (Etn) 'F (Hours) THERMALLY CYCLED (Tor r )  SUBSTRATE 
Calcium T i  tanate  0 88-0 e 91 1350 20,000 112 times t o  RT 1 x Type 310 
(CaTiOj) ss 
I ron T i  tanate  
( FeZT i 05) 
I r o n  T i  tana te  
(Fe2Ti 05) 
0.87-0.89 -8 1350 20,000-_,114 times t o  RT 2 x 10 Type 310 
ss 
5,000 3,125 times 1 x Columbium 0.88 1500, 
1800 ( 1500- 1800" F) - 1 %  Z i r -  
coni  urn 
REMARKS 
S l i g h t  darkening of  
coat ing ,  no appar- 
en t  t e x t u r e  change 
and no i n d i c a t i o n  
of c rack ing  o r  
spa1 1 ing.  
S l i g h t  change i n  
coa t ing  c o l o r p  tex-  
t u r e  and i n t e g r i t y  
o f  coa t ing  unchang- 
ed. 
S 1  i g h t  Ha i r1  i n e  
c rack  appeared 
a f t e r  3500 hou r s  
of t e s t .  There was 
no t e x t u r e  o r  co lo r  
change and no i n d i -  
c a t i o n  of separa- 
t i o n  o r  s p a l t  ing.  
FIGURE 1 SPECIMENS FOR H I G H  "E" COATING APPLICATION 
.L .l. 
A " B:t C " REMARKS -- LOT BASE METAL SURFACE COATING -
A OFHC Copper None -1- .L .020 6,o .250?.OlO R a t e r i a l s  of Con- 
s t r u c t  ion  I I  . I I .  B '  OFHC Copper' E l e c t r o l y t i c  N icke l  Plate'"' I 1  I 1  
D Type 310 S S  E l e c t r o l y t i c  N icke l  Plate'"' I I  I 1  1 1  I '  
C Type 310 S S  None .l. .L .062 6.0 .4 - .5 Test Standard 
E Haste l loy  X None ,093 6.0 .4 - .5 M a t e r i a l  o f  Con- 
s t r u c t  i o n  F Haste1 l o y  X E l e c t r o l y t i c  Nickel  Plate"* I I  I1 I 1  I I  
J1 
' D iniens ions i n i nches . 
.I. .I 
,I ,. 
P1 a t i  ng Thickness Range ,001"- .002" 
N i  P l a t e  + 
3 CaTiO 
N i  P l a t e  + 
CaT i 0 - 3  
3 CaT i 0 
3 CaT i 0 
N i  P l a t e  + 
5 Fe2T i 0 
N i  P l a t e  + 
5 
-v% Fe2T i 0 ~. _- *' f 
.-a A- 
5 Fe2T i 0 
Fe2T i 0 5 
Fron t  S i de 
F igure  2 OFHC Copper Substrate A f t e r  Exposure A t  1400°F 
For 1 Hour I n  Vacuum (&O.l Micron).  Coat ings 
As Noted. 
1x 
Both High E m i s s i v i t y  Coat ings Appear Adherent 
Even Though A l l  O f  The N icke l  P la ted  Substrates 
E x h i b i t  B l i s t e r i n g  A t  The Base Meta l /P la te  I n t e r -  
face. 
Back Side 
F igure 3 OFHC Copper Substrate A f t e r  Exposure A t  1400°F 
For 1 Hour I n  Vacuum 
Noted . 
Both High E m i s s i v i t y  Coatings Appear Adherent Even 
Though A l l  O f  The N i c k e l  P la ted  Substrates E x h i b i t e d  
B1 i s t e r i n g  A t  the Base Meta l /P la te  In te r face .  
(-0.1 Micron) Coatings as 
N i  P 
CaT 
N i  P 
a t e  + 
O3 
a t e  + 
3 CaTlO 
3 CaTiO 
CaTi03 
N i  P i a t e  + 
5 Fe2T i 0 
Id; P l a t e  + 
5 Fe2T i 0 
Fe T i 0  
2 5  
5 FeZT i 0 
1x 
N i  P l a t e  + 
3 CaT i 0 
3 CaT i 0 
3 CaT i 0 
N i  P l a t e  f 
5 Fe2T i 0 
N i  P l a t e  + 
5 Fe2T i 0 
5 FeZT i 0 
5 Fe2T i 0 
Front  Side 
F igure  4 310 Sta in less  Stee l  Subs t ra te  A f t e r  Exposure a t  1400°F 
For 1 Hour I n  Vacuum (-0.1 Micron)  Coat ing As Noted. 
1x 
‘?- 
N i  P l a t e  9 
3 CaT i 0 
N i  P l a t e  + 
3 CaT i 0 
3 CaT i 0 
N i  P l a t e  + 
5 Fe2T i 0 
N i  Pla t e  + 
5 Fe2T i 0 
5 Fe2Ti0 
5 Fe2T i 0 
I X  
F i g u r e  5 310 S ta in l e s s  S tee l  Substrate  After  Exposure A t  1 4 0 O O F  
For 1 Hour I n  Vacuum (rc*o.l Micron) Coatings As Noted. 
Front  S 1 de 
N i  P l a t e  + 
CaT i 0 3 
Ni P l a t e  + 
CaTiO 3 
CaTiOj 
3 -CaTiO 
N i  P l a t e  + 
Fe2T i 0 5 
N i  P l a t e  + 
Fe2T i 05 
5 Fe2T i 0 
5 Fe2T i 0 
1x 
Figure 6 Has te l l oy  X Substrate  A f t e r  Exposure a t  1400OF 
For 1 Hour I n  Vacuum ( d O . 1  Micron) Coat ing As 
. .  
Back S i d e  
F i g u r e  7 H a s t e l l o y  X S u b s t r a t e  A f t e r  Exposure  a t  140OOF 
F o r  1 Hour I n  Vacuum ( M 0 . 1  Mic ron)  Coatings 
As Noted. 
Ni P l a t e  + 
CaT i O3 
N i  P l a t e  + 
CaT i O3 
CaT i O3 
3 CaT i 0 
Ni P l a t e  + 
5 Fe2T i 0 
N i  P l a t e  + 
5 Fe2T i 0 
5 Fe2T i 0 
Fe2T i 0 5 
1x 
A b k i e f  s immary o f  the microprobe anal> 
and CaTiO, fo l l ows :  5 
s i s  o f  both coat ings,  Fe2Ti0 
3 
I. 
2 .  
3 .  
4. 
5 .  
6 .  
There was no d i f f u s i o n  o f  any element checked (Ni , C r ,  Fe,Ca o r  
T i )  i n t o  e i t h e r  the coa t ing  o r  subs t ra te  o f  as-coated p l a t e d  o r  
unp 1 a ted  speci  mens. 
There was l i t t l e  ( < 1  micron) o r  no d i f f u s i o n  o f  the elements 
checked i n t o  e i t h e r  the coa t ing  o r  subs t ra te  o f  unplated specimens 
a f t e r  thermal exposure a t  1400°F. 
There was l i t t l e  ( < 1  micron) o r  no d i f f u s i o n  of the elements 
checked i n t o  o r  out  o f  t h e ' c o a t i n g  o f  n i c k e l  p l a t e d  copper specimens 
thermal ly  exposed a t  140OOF. 
Copper d i f f u s e d  i n t o  the n i c k e l  p l a t e  and n i c k e l  d i f f u s e d  i n t o  the 
copper i n  p l a t e d  subs t ra te  specimens du r ing  thermal exposure a t  
1 4 O O O F .  
N i cke l  f rom the n i c k e l  p l a t e  d i f f u s e d  i n t o  the Has te l l oy  X and 
chromium f rom the Has te l l oy  X d i f f u s e d  i n t o  the n i c k e l  p l a t e  i n  
ni.cke1 p l a t e d  Haste1 loy X specimens du r ing  thermal exposure a t  
1400 O F  
L i t t l e  (<1 micron) o r  no d i f f u s i o n  o f  the elements checked into 
o r  ou t  o f  the  coa t ing  o f  n i c k e l  p l a t e d  Haste l loy  X specimens 
occurred du r ing  thermal exposure a t  1400°F. 
Typ ica l  microprobe t races a re  shown i n  Figures 8 through 28. These 
were se lec ted  from over  100 microprobe t races t o  show elements f rom both  the 
coat ing  and the subs t ra te  be fore  and a f t e r  thermal exposure. The l i n e  between 
the coa t ing  and subs t ra te  i s  no t  v e r t i c a l  because the stream of e lec t rons  used 
t o  pu lse  the  sur face  o f  the specimen has a f i n i t e  diameter and, as I t crosses 
the i n t e r f a c e ,  p i cks  up elements from both coa t ing  and subs t ra te .  I f  a p o i n t  
source were used, a sharp demarcation would r e s u l t .  Although the  he igh t  o f  
the t race  i s  an i n d i c a t i o n  o f  the  amount o f  the  element present ,  no at tempt 
was made t o  make a q u a n t i t a t i v e  ana lys is .  The microprobe was ad jus ted  t o  g i ve  
almost f u l l  cha r t  w id th  f o r  the element under s tudy.  Figures 29 through 32 
are  photomicrographs showing the Fe T i 0  coa t ing  on unplated Has te l l oy  X and 
copper be fore  and a f t e r  thermal exp&urd. 
Se lec t ion  o f  Coat ina 
I t  appears t h a t  a number o f  "coat ing-subst rate"  Combinations would 
s a t i s f y  t h a t  requ i red  thermal c o n t r o l  coa t i ng  performance c h a r a c t e r i s t i c s .  
Compl icat ions I n  the coa t ing  a p p l i c a t i o n  would r e s u l t  i f  a d i f f e r e n t  coa t ing  
o r  sur face treatment were s e l e c t i v e l y  app l i ed  t o  each o f  the base metals,  
Has te l l oy  X and OFHC copper. 
3 
I I I I I I 1 I I I 
I I 
I I I I I I I I I I 
1 I I I I I I 
1 I I I I 1 1 I I 
I I I I t i .  1 
I I I I I I I I I I I 
I - I 
I E l  ' 2 )  I W I I I u l  I I j 
I I 1 8  I I I I I I 
I I % 
5 
Figure  8 Microprobe Analys is  of Ti tan ium i n  FeZTiO 
Coated Haste l loy  X (as coated specimen) 
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Figure 9 Microprobe Analysis of Ti tan ium i n  Fe T i 0  
2 5  Coated Haste1 l oy  X (thermal l y  exposed specimen) 
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Figure 10 Microprobe Analysis o f  Nickel in Fe2Ti0 
Coated Haste1 loy X. ((as-coated specirne2) 
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Figure 1 1  Microprobe A n a l y s i s  of Nickel i n  Fe2Ti0 
Coated Haste1 loy X (thermally exposed s2ecimen) 
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5 Figure 12 Microprobe Analysis o f  Nickel in FeZTiO Coated,Nickel Plated Hastelloy X 
(as coated specimen) 
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F i g u r e  13 Microprobe Analysis of Titanium in Fe T i 0  
Coated Copper (as coated specimen) 2 5  
‘ F i g u r e  14 M i crop robe Anal y s  i s  Q f  Titanium i n  Fe,T i 0 ,- 
Coated Copper ( thermal  l y  exposed 
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Figure 15 Microprobe Analysis of Copper i n  Fe Ti0 
Coated Copper (as coated specimen) 2 5  
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Figure  16 Microprobe Analysis o f  Copper in Fe2Ti0 
Coated Copper (thermal ly exposed specimzn) 
Figure  17 Microprobe Ana lys is  o f  N icke l  i n  Fe2Ti0 
Coated, N icke l  P l a t e d ,  Copper (as doate8 specimen). 
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Figure 18 Microprobe Analysis of Nickel in Fe T i 0  Coated, 2 Nickel Plated, Copper (thermal ly expose2 specimen) 
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F i g u r e  19 Microprobe Analysis of N i c k e l  in CaTiO Coated 
Hastel loy X (as coated specimen). 3 
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Figure  20 Microprobe Analys is  of Nicke l  I n  CaTiO on Has te l l oy  X 
(Thermal l oy  exposed specimen) 3 
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F i g u r e  21 Microprobe Analysis of Nickel i n  CaTIO 
Coated, Nickel Plated, Hastelloy X 
(As coated specimen) 
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Figure 22 Microprobe Analysis of Nickel i n  CaTiO 
Nickel Plated, Haste1 loy X (Thermally 3’ exposed ‘ 
spec irnen) . 
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Figure  23 Microprobe Analysis of Calcium i n  CaTiO 
Coated Copper (Thermal l y  exposed spec i rdn) .  
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F igure  24 Microprobe Analysis of Titanium i n  CaTiO 
.Coated Copper (Thermal l y  Exposed Specitne?) 
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Figure 25 Microprobe Analysis of Copper i n  CaTiO 3 
Coated Copper (As coated specimen) ’ 
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Figure  26 Microprobe Ana lys is  of Copper i n  CaTiO 
Coated Copper (Thermal i y  exposed speci4en) 
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Figure 27 Microprobe Analysis of N i c k e l  In CaTiO Coated, 
Nickel Plated Copper (As received specamen). 
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F igure 28 Microprobe Analysis of Nicke l  in CaTiO 
Coated, N icke l  P la ted  Copper (Thermal l d  
exposed specimen). 
Fe2Ti0 On Has te l l oy  X ,  as Coated. 5 F igu re  29 
F i g u r e  30 Fe2TI0 an Hastelloy X,  Thermal ly Exposed. 5 
250X 
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. .  
F igure  31 Fe T i 0  on Copper, As Coated. 2 5  
i.. . L "t 
1 i r  
F igu re  32 Fe2Ti0 on Copper, Thermal ly  Exposed. 5 
250x 
Because o f  t h i s  fact ,  the  microprobe ana lys i s  r e s u l t s  and the  requ i red  
a p p l i c a t i o n  o f  the  coa t ing  t o  the  s c r o l l  and f i n  hardware ( i n  c o n t r a s t  t o  f l a t ,  
un i fo rm t e s t  specimens), t he  i r o n  t i  tanate  coa t ing  and the bare subs t ra te  Hastel  l o y  
X and OFHC copper system was chosen. 
A p p l i c a t i o n  Procedure 
The procedure f o r  t he  a p p l i c a t i o n  of the  h igh  temperature thermal c o n t r o l  
coa t ing ,  i r o n  t i t a n a t e  (Fe2TI0 ) t o  the HEPS s c r o l l  and f i n  assembly was developed 
a t  t h e  TRW Colwe l l  Engineer ing Center w l t h  the  ass is tance o f  Mr. Charles Ammann, 
Development Chemistry Sec t ion  of  P r a t t  E Whitney A i r c r a f t  D i v i s i o n  of Un i ted  
A i r c r a f t  Corporat ion,  East Har t fo rd ,  Connect icut  and i s  conta ined i n  Appendix B. 
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Hardware Tes t  Resul ts  
Upon the recent  complet ion o f  the DVR space s imu la t i on  system t e s t  a t  
t he  Roanoke, V i r g i n i a  Test  F a c i l i t y  o f  V l r g  n i a  Po ly techn ic  I n s t i t u t e ,  examinat ion 
of the s c r o l l  and f i n  assembly revealed the  coa t ing  t o  be un i fo rm i n  appearance 
and adherent t o  a l l  s c r o l l  areas. Some sma 1 l o c a l i z e d  areas on the  f i n  were vo id  
of  the i r o n  t i t a n a t e  coat ing .  The most probable cause o f  t h i s  c o n d i t i o n  was the  
"contaminated sur face  sk in ' '  o f  the  OFHC copper f i n .  Th is  contaminat ion was no t  
removed p r i o r  t o  the  a p p l i c a t i o n  o f  t he  h igh  temperature thermal c o n t r o l  c o a t i n g  
because o f  the  advanced p o s i t i o n  o f  the  s c r o l l  and f i n  assembly i n  the  f a b r i c a t i o n  
sequence. The p o s t - t e s t  c o n d i t i o n  o f  t h e  assembly and the t e s t  r e s u l t s  g ives  
every i n d i c a t i o n  t h a t  p r o p e r l y  prepared base n i a t s r i a l s  and strrfct, control c f  tlia 
a p p l i c a t i o n  o f  the  h i g h  temperature thermal c o n t r o l  coa t i ng  d i d  p rov ide  an 
adherent coa t ing  and d i d  serve t o  lower component opera t ing  temperatures. 
Low Temperature Thermal Cont ro l  Coat ing 
A thorough l i t e r a t u r e  survey, a review of app 
con ta ln ing  genera l l y  unpubl ished data,  and a v i s i t a t i o n  
Space Power Systems D i v l s i o n  a t  the  NASA-Lewis Research 
low temperature (<  400'F) coatings,(DC92-007 and 1 ITR 
promising, The Z93 coat ing,  which was then employed a t  
programo appeared t o  present  a number o f  hardware a p p l l  
i c a b l e  TRW documents 
w i t h  personnel o f  the 
Center y ie lded  o n l y  two 
- 2 3 3 )  wh 1 ch appeared 
NASA Lewls on a space 
a t i o n  problems. These 
were the m i l l i n g  o f  the  p a i n t  j u s t  p r l o r  t o  I t s  a p p l i c a t i o n ,  extreme c lean ing  
procedure and hand l ing  o f  the  subs t ra te  t o  be coated, the necess i ty  o f  I_ f l v e  
appl icatDons 
cured coa t ing  th ickness,  r e l a t l v e l y  c lose  c o n t r o l  of temperature and humid i ty  
'in the a p p l l c a t i o n  environment, and f i n a l l y  the t o t a l  i n a b i l i t y  o f  the f l n a l  
app l l cd  coa t ing  t o  be repa i red  a f t e r  con tac t  w i t h  o i l , f l n g e r p r i n t s ,  processing 
s o i l ,  e t c .  These cons idera t ions  made the 293 coa t ing  Incompat ib le  w i t h  the  hard- 
ware designed fo r  use I n  t h l s  program. 
o f  t he  p a i n t  on f j v e  successive.days t o  p rov ide  fo r  optimum sur face  
Se lec t i on  o f  Low Temperature Coat ing 
DC 92-007 has been used by TRW i n  c e r t a f n  c l a s s i f i e d  programs w i t h  
e x c e l l e n t  r e s u l t s .  The coa t lng  has proved t o  be easy t o  apply  and t o  be capable 
o f  be%ng repa i red  o r  cleaned I f  necessary. Th is  coa t ing  was chosen f o r  HEPS 
components. 
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App 1 I c a t  f on o f  Low Tempera t u  r e  Coat i  ng 
A s p e c i f i c a t i o n  was prepared (TAP-PS-465) t o  cover the  appl  I c a t l o n  
o f  the D C  92-007 coat ing .  A copy o f  the  s p e c i f i c a t i o n  i s  shown i n  Appendix C. 
t y  Measurements of DC 92-007 Coat i  ng 
A v a i l a b l e  data d i d  no t  p rov ide  s u f f i c i e n t  in fo rmat ion  regard ing emissf -  
v i  t y  c h a r a c t e r i s t i c s  and a b s o r p t i v i t y  a t  i t s  probable use temperature i n  the HEPS 
program. Consequently, t e s t s  were run on coated specimens. 
The s o l a r  absorptance as a f u n c t i o n  of u l t r a v i o l e t  i r r a d i a t i o n  and the  
hemispher ical  emi t tance were measured f o r  DC 92-007 coated type 6061 aluminum 
specimens by TRW Systems, Thermophysics Sectgon personnel .  The ma te r ia l  was 
maintained a t  an e leva ted  temperature du r ing  u l t r a v l o l e t  I r r a d i a t i o n  and du r ing  
hemispher ical  emi t tance measurement. 
The sample was exposed t o  u l t r a v i o l e t  l r r a d i a k i o n  w h i l e  i t  was mainta ined 
a t  205'C w i t h i n  a vacuum chamber w! t h  a pressure o f  10 t o r r  o r  less .  The 
vacuum chamber i s  a fused s i l i c a  " t e s t  tube" as shown i n  F igure  33. Th is  ' ' t e s t  
tube" i s  t ransparent  i n  the  u l t r a v i o l e t  reg ion  where the  xenon compact a r c  source 
emits energy. An ex te rna l  temperature c o n t r o l  1 i ng  system i s  used t o  c i r c u l a t e  
f l u i d  t o  the  p l a t e n  on which the  sample i s  mounted, The sample temperature was 
monitored w i t h  a thermpcouple which was at tached t o  the  subs t ra te  aluminum. So lar  
absorptance measurements were made between and a f t e r  u l t r a v i o i e t  exposures w h i l e  
the sample remained I n  the  vacuum i n  which the sample was i r r a d i a t e d  ( i n  s i t u ) ( 3 ) .  
The exposure t ime was approxlmately 100 hours. The i r rad ience  was equal t o  the 
so la r  u l t r a v i o l e t  i r rad ience .  So la r  absorptance measurements were made a t  50 
hou r i n t e r v a l  s e 
The .s-olar absorptance was determined by measuring the  spec t ra l  dt  r e c t i o n a l  
re f l ec tance  from 0.28 t o  2,s microns l n  the  Beckman DK2A Spectrophotometer w i t h  
i n t e g r a t i n g  sphere of t he  Edwards, e t  a l . ,  des ign(4) .  
inser ted  i n  the  f n t e g r a t l  sphere On F igure  34. Th is  re f l ec tance  was in teg ra ted  
over the  s o l a r  I r rad iance??)  t o  o b t a i n  s o l a r  absorptance, . For opaque samples,the 
absorbed (e) energy p lus  the  r e f l e c t e d  (P) energy equals the i n c i d e n t  energy; 
hence, 
The sample Is shown 
The absorptance i s ,  there fore ,  c a l c u l a t e d  from re f l ec tance  measurements by the 
r e l a t  I on 
The hemispher ical  emi t tance was measured i n  the  TRW Systems C a l o r i m e t r i c  Heml- 
spher ica l  Emit tance Device, This  measurement i s  performed by determin ing the 
power dens i t y  requ i red  t o  ma in ta in  the sample a t  e q u i l i b r i u m  temperature n a 
l i q u i d  n i t rogen-cooled vacuum chamber, The emlt tance was measured a t  the tempera-. 
tures g iven i n  Table 3. The sample was maintained a t  401°F f o r  approx mately 
dA.- 1 -p&, 
Figure 33 In Situ Vacuum Tes t  Chamber Containing Sample. 
Figu i tion 
' TABLE 3 -- 
SOLAR ABSORPTANCE FOLLOWING ULTRAVIOLET IRRADIANCE 
( 1  UV SUN) ON SAMPLE AT l+Ol*F, DC 92-007 
. SOLAR ABSORPTANCE 
I n i t i a l  0.22 
A f t e r  50 Hours 0.30 
A f t e r  100 Hours 0.44 
HEMISPHERICAL EMITTANCE DURING AND FOLLOWING 
ELEVATED TEMPERATURE (401 O F )  MA1 NTENANCE 
I N  VACUUM. D C  92-007 
I 
FOLLOWING INDICATED HOURS ' TEMPERATURE HEMlSPHERlCAL 
AT ELEVATED TEMPERATURE OF MEASUREMENT EM I TTANCE 
I n i  t l a l  
I n i t i a l  
50 Hours 
100 Hours 
196" F 
397°F 
397'F 
394' F 
.L 
0. 847" 
.I. 
"A1 though the  accuracy o f  the  measuring instruments does no t  j u s t i f y  
t h ree  s i g n i f i c a n t  f i g u r e s ,  t he  t h i r d  f i g u r e  i s  re ta ined,  depressed, 
so as t o  i n d i c a t e  t rends.  
100 hours. Emit tance measurements were made a t  50 hour I n t e r v a l s .  
(6) The method o f  measurement used w l t h  the  TRW Systems C a l o r l m e t r i c  Hemispherical Device (F igure  35) has been f u l l y  analyzed by Bevans and Nelson e 
The sample consls ted o f  two 4- inch by 4- inch sheets o f  sample m a t e r i a l  whlch 
was bonded t o  a t h i n  k i n c h  by 4- lnch heater .  
instrumented w i t h  s i x  thermocouples. The e n t i r e  t e s t  assembly was suspended by 
the heater  leads w i th in  a 1 i q u i d  n f  trogen-cooled copper conta iner  ( w i t h  a h igh  
absorp ance p a i n t  on the  i ns ide )  w i t h i n  a pyrex b e l l  j a r  evacuated t o  a pressure 
o f  l o - &  t o r r  o r  less .  E l e c t r i c a l  power measurements and temperature measurements 
a l l o w  a d i r e c t  c a l c u l a t i o n  o f  hemispher ical  emi t tance s ince:  
The sample "sandwich" was then 
where H = hemispher ical  emi t tance 
= e l e c t r i c a l  power t o  heater  'e 1 ec 
A = specimen area 
Stefan-Boltzmann cons tan t '  
T = specimen temperature 
S 
T m  = w a l l  temperature o f  conta i ner 
6 
\ 
F igu re  35 C a l o r i m e t r i c  Hemispherical Emittance Apparatus. 
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APPENDIX - A 
ELECTRON BEAM MICROPROBE ANALYSIS (7  ,8,9) 
The e l e c t r o n  beam microprobe prov ides a method f o r  nondest ruc t ive  
elemental ana lys i s  o f  ext remely minute volumes a t  the  sur face  of a s o l i d  sample. 
With t h i s  inst rument ,  i t  i s  poss ib le  t o  conduct a chemical ana lys i s  o f  a sample 
approximately one t o  two microns i n  diameter,  and one micron i n  depth,  repre-  
sent ing  approximately one micro-microgram o f  m a t e r i a l  a 
e i t h e r  q u a l i t a t i v e ,  o r ,  i f  s u f f i c i e n t  standards a re  ava i l ab le ,  q u a n t i t a t i v e .  
The ana lys i s  can be 
F igu re  36shows the  e l e c t r o n  beam microprobe u t i l i z e d .  F igure  37 
shows a schematic o f  t he  e l e c t r o n  o p t i c s  i n  the microprobe. Through the use 
o f  two magnetic lenses (condenser and o b j e c t i v e ) ,  and al ignment c o i l s ,  a f i n e l y  
focused beam o f  e lec t rons  is d i r e c t e d  a t  the  specimen sur face  e x a c t l y  on the 
spot  t o  be analyzed. Th is  e l e c t r o n  bombardment causes c h a r a c t e r i s t i c  X-rays 
t o  be emi t ted  by the  atoms a f f e c t e d  by t h e  e l e c t r o n  e x c i t a t i o n .  
C r y s t a l s  of app rop r ia te  m a t e r i a l s  a re  employed t o  d i f f r a c t  the 
generated c h a r a c t e r i s t i c  X-rays i n t o  t h e i r  component wave lengths.  The se lec ted  
X-rays a re  focused i n t o  X-ray de tec tors .  F igu re38  i l l u s t r a t e s  the  manner i n  
which the  goniometer and X-ray de tec to r  a re  mounted i n  r e l a t i o n  t o  the specimen 
i n  the e l e c t r o n  beam microprobe u t i l i z e d .  Only those X-rays e x c i t i n g  t h e  specimen 
sur face a t  an angle o f  15.5" pass through the  the entrance window i n t o  the  gonio- 
meter. 
The X-ray photons en ter - ing ' the  de tec to r  a r e  converted i n t o  pulses o f  
e l e c t r i c a l  energy. The number o f  pulses i s  d l r e c t l y  p ropor t i ona l  t o  the  i n t e n s i t y  
o f  the  X - rad ia t i on  e n t e r i n g  the  de tec to r ,  which i n  t u r n  bears a r e l a t i o n s h i p  
t o  the  mass concent ra t ion  o f  the element producing the  X-rays. The pulses o f  
energy from the  de tec to r  can be u t i l i z e d  i n  var ious  types o f  read-out systems. 
Analyses can be conducted on a l l  elements above the atomic number o f  4. 
The e l e c t r o n  beam microprobe u t i  1 l zed was deslgned t o  a1 low f o r  t h ree  
d i f f e r e n t  modes o f  opera t ion ,  which are;  
1. Spect ra l  Scan Wi th t h i s  method, the  area o f  i n t e r e s t  Is pos i t i oned  
under the e l e c t r o n  beam and the ana lyz ing  goniometer i s  s e t  t o  scan 
the  elemental  range o f  i n t e r e s t ,  The X-ray d e t e c t o r  and the  
d i f f r a c t i n g  c r y s t a l  a re  mounted so t h a t  c h a r a c t e r i s t i c  X-rays 
w i t h  wave lengths between 1,4 and 14 angsrom u n i t s  (20 angles f rom 
0 t o  88') can be detected.  A peak of r a d i a t i o n  obta ined a t  a 
s p e c i f i c  goniometer angle i nd i ca tes  the presence of a p a r t i c u l a r  
element. The amount of r a d i a t i o n  detected ( i e e e  h e i g h t  o f .  peak} 
Is a f u n c t i o n  o f  the amount o f  t h a t  p a r t i c u l a r  element i n  the area 
o f  i n t e r e s t  -. 
F i g u r e  36 E l e c t r o n  Beam Microprobe U t i l i z e d  i n  Th is  Study. 
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Figure 37 Schematic Showing the Electron Optics of the Electron 
Beam Microprobe. 
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F igu re  38 Schematic Showing the  Mounting of t he  X-ray Detec t ing  
Goniometer on the  E l e c t r o n  Beam Microprobe. 
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2. Surface Scan This  mode o f  ope ra t i on  a l lows f o r  the  determinat !on 
o f  v a r i a t i o n s  i n  conpos i t ton  o f  a g iven element across a sample. 
Wi th  t h i s  mode, the goniometer Is s e t  a t  the s p e c f f l c  28 angle 
requ i red  f o r  t h i s  element and the  sample Is moved under the  beam. 
Movement o f  the  sample can be e i t h e r  f n  the X. o r  Y d i r e c t l o n ,  o r  
a combinat ion X - Y  d i r e c t l o n .  A recorder  i s  u t i l i z e d  t o  moni tor  
the  v a r i a t i o n  i n  element composi t ion (X-ray i n t e n s i t y )  as a func- 
t i o n  o f  d i s tance  across the  sample. 
3 .  Elec t ron  Beam Scanning Wi th e l e c t r o n  beam scanning, the e l e c t r o n  
beam i s  de f l ec ted  i n  the X and Y d i r e c t i o n s  a long the  sample 
sur face.  The d e f l e c t i o n  o f  the e l e c t r o n  beam can be conducted i n  
two ways: 
scanning along a g iven l i n e ' o n  the  sample sur face;  o r  (b) i n  both 
the X and Y d i r e c t i o n s  i n  a manner s i m i l a r  t o  the  movement o f  the  
e l e c t r o n  beam across a t e l e v i s i o n  screen ( r a s t e r ) .  The mode o f  
ope ra t i on  i s  i l l u s t r a t e d  i n  F igure  39, 
(a) i n  the X d i r e c t i o n  w i t h  the  e l e c t r o n  beam c o n t i n u a l l y  
Dur ing e l e c t r o n  beam scanning, the  goniometer i s  s e t  a t  the  proper 28 
angle f o r  the  element t o  be analyzed. The X-ray i n t e n s i t y ,  through 
s u i t a b l e  e l e c t r o n i c  c i r c u i t r y  i s  d isp layed on an oxc i l l oscope  screen, 
Through t h i s  type o f  opera t ion ,  t he  concent ra t ion  o f  a g iven  element 
i n  . a  s p e c i f i c  area can be determined, 
I n  a d d i t i o n  t o  o b t a i n i n g  elemental  analyses, an e l e c t r o n i c  d i s p l a y  o f  
the  sur face  s t r u c t u r e  being scanned can be obtai f ied.  
i s  obta ined by e i t h e r  measuring the  sample c u r r e n t  a t  each X-Y  p o i n t  
or measurement o f  the  back-scattered e l e c t r o n  c u r r e n t  from each X-Y  
p o i n t .  An approximate d i s c r i m i n a t i o n  between elements can be made, 
s ince  the  h igher  the  atomic number, t he  more the  e lec t rons  a r e  
sca t te red  back from the  specimen sur face.  The more the  e lec t rons  a re  
sca t te red  back from the  sur face  the lower the sample cu r ren t .  Thus, 
depending upon the  p o l a r i t y  o f  the  sample and the  mon i to r i ng  mode, the  
b r i g h t e s t  areas on the  osc i l l oscope  screen could i n d l c a t e  l i g h t  elements 
and gradat ions  down through grays i n t o  b lack  would I n d l c a t e  heav ie r  
elements, Conversely, w i t h  the  oppos i te  p o l a r i t y ,  t he  b r i g h t e s t  areas 
would i n d i c a t e  heavy elements, and the  dark o r  b lack  areas would i n d i c a t e  
e i t h e r  l i g h t  elements o r  ho les.  Both the  sample c u r r e n t  and back- 
sca t te red  e l e c t r o n  c u r r e n t  p rov ide  an e l e c t r o n i c  p i c t u r e  o f  the  
sample sur face .  The o n l y  d i f f e r e n c e  i s  t h a t  w i t h  the  same p o l a r i t y  
one i s  the  negat ive  image o f  the o ther ,  
M a g n i f i c a t i o n  o f  the  sample area being .viewed and analyzed can be 
obta ined by reducing the  X and Y a x i s  o f  d e f l e c t i o n  o f  the  e l e c t r o n  
beam w h i l e  the  screen area viewed on the  osc i l l oscope  remains constant .  
Magn i f i ca t i ons  from 400 up t o  2400 times can be obta ined by t h i s  
method. Photographs o f  the images d isp layed on the o5c l l loscope 
screen can be obta ined w i t h  a Po la ro id  camera f i t t e d  t o  the  osc i l l oscope ,  
Th is  d i s p l a y  
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Figure 39 Schematic Showing the  Electron Beam,Scanning Mode of 
Electron Beam Microprobe Operation. 
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APPLICATION OF THERMAL CONTROL COATING - IRON TETANATE (Fe2Ti05) 
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SCOPE: 
This specification covers the equipment and the materials for the application 
of one type o f  thermal control coatlng. 
APPLICABLE DOCUMENTS: 
The following document provides information relevant to the ascribed thermal 
control coating. 
Pratt 6 Whitney Aircraft Report PWA-3278, 
Emissivity Of Materials, June 30, 1968 (Prepared for National Aeronautics & 
Space Adminstration - Contract NAS3-4174) 
EQUIPMENT: 
Dermitron Model D-2 Non-Destructive Thickness Tester 
Vendor: Unit Process Assemblies,  Inc., Woodside, New York 
Plasma Flame Cansale & Power Supply Model F40 
Vendor: Thermodynamics Inc,, Lebanon, New Hampshire 
Plasma Torch Metco 2M 
Vendor: Metco Inc., Westbury Long Island, New York 
Tsinco Dry Blaster - Split Level Model Serial No. 2594-9 
Vendor: Trinity Tool Coo, Detroid,MlchPgan 
Sylvester Powder Hopper - Serial No, 137 
Vendor: Sylvester & Co,, Cleveland, Ohio 
MATERIALS: 
Aluminum Oxide Grit No, 24, Bastite Grain 
Final Report - Determination O f  The 
Vendor: Carborundum Company, Niagara Fa1 Is, New York 
Gloves, Clean White Disposab le  (cotton o r  nylon) 
Vendor: Varlous 
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I r o n  T i t a n a t e  Powder (Fe2Ti0 ) - FCT-IlH (-200, +325 mesh) 4 
Wandor: Cont inenta l  Coatings Corporat ion,  Cleveland, Ohto 
V i n y l  Tape 3M No. 470 
Vendor: Minnesota Mln lng & Manufactur ing Coo, S t .  Paul, Minnesota 
SURFACE PREPARATION: 
The subs t ra te  sur face t o  be coated sha' l l  be thoroughly degreased I n  c lean 
t r i  sh loroethy lens,  
DuiOng a l l  subsequent processing the  p a r t s  shall be handled w i t h  c lean 
w h i t e  disposable gloves, Under no circumstance s h a l l  p a r t s  be touched 
w i t h '  bare hands o r  exposed t o  d i r t :  or 001 a f t e r  complet ion o f  t h e  degreasing 
operat ion.  MOTE: I f  p a r t s  a r e  I n a d v e r t e n t l y  contacted by hands, o i l ,  d i r t ,  
e tc .  -- rapeaf degreasing per Paragraph 5.1 and a l l  subsequent processing 
operat ions e 
A l l  areas - n o t  t o  be coated s h a l l  be masked w P t h  3M V i n y l  Tape No. 470. 
Dry b l a s t  a l l  areas t o  be coated w i th  c lean f i l t e r e d  a i r  and aluminum 
oxide g r i t  No, 24 to  a sur face roughness o f  80-125 RMS, NOTE: Do not 
re-use g r i t .  Conventtonal a i ' r  b l a s t  equipment can be used to  per form t h i s  
operat' ion, 
THERMAL CONTROL COATING APPLICATION: 
Immediately a f t e r  g r i t  b l a s t i n g ,  adequately fDx ture  the p a r t  us ing  t r i c h  
ethy lene vapor degreasad a u s t e n i t i c  w a u s t e n i t i c - l i k e  m a t e r i a l ,  
I 
i 
Apply, by plasma spraying, apprex8rnately 0.5 m i l  I ron t i t a n a t e  (Fe2T10 ) 
coa t ing  on _all subs t ra te  surfaces t o  be coated. This  P n i t i a l ,  t h i n  c o s t  
i a y e r  serves as a contarnlnatlon b a r r i e r  f o r  the subs t ra fe  m a t e r i a l .  
Continue t o  apply sufficient c o a t i n g  u n t i l  the  th ickness requirements o f  
the a p p l i c a b l e  b l u e p r i n t  a re  sat8sf9ed. 
V e r i f y  coa t ing  th ickness us ing a Derrnltron Model D-2 th ickness t e s t e r  and 
the standard t e s t  COUPORS es tab l%shed i n  Sect ion 8,00 
Remove a l l  masking m a t e r i a l s .  
The coated p a r t  s h a l l  be pro tec ted  from contaminat ion by s e a l i n g  In 5 mil 
po lye thy lene(or  e q u i v a l e n t )  fP Im. 
oro-  
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The following processing, parameters are recommended for the application of 
O ~ O R  titanate (Fe2TiQ ) coating per Paragraphs 6.0 - 6 . b 0  
Plasma Flame Console and Power Supply Model F4Q. 
Voltage - 32 v e  
Amperage - 500 a. 
Plasma gas - Argon at 60 C,F.H. 
Plasma Torch Matco 2M.  
Torch to work distance -- approximately 3" 
Torch direction to work -- normal 
Sylvester Powder Hopper - Serial No, 137 
Happer flow index - 18 
Hopper gas - Argon at 15 C . F , H .  
QUALITY CONTROL: 
Dimensional: 
A minimum of  two flat test coupons (approximately 2" x 4'' x thickness), 
representative of each alloy type and section thickness, shall be coated 
On accordance with the above procedure (Paragraphs 5 " O  through 6.4). 
Determine the coatfng thickness with a mlcrometer, 
Obtain two coated coupons which represent the extremes of the allowable 
thickness range as specified by the applicable blueprint. These test 
coupons shall serve as thickness gage standards for t h e  Dermlkron non- 
destructive thickness tester, 
Verify the applied coating thickness on a l l  part areas, 
Vtsual: 
The coating s h a l l  be unlformF adherent, and free from defects and s h a l l  
cover all surfaces of the part where specified. The color s h a l l  range 
from brownlsh-red to dark grey, 
5 
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B03 Ad he rence : 
8,3.  E The c o a t i n g  shall remain adherent and not e x h i b i t  a f l a k i n g  tendency when 
a sharp edge o f  a k n i f e  o r  c h i s e l  Is impacted at the  coating-substrate 
I n t e r f a c e .  
or crumb 1 e e 
I_ 
A p r o p e r l y  applied coat ing w i l l  e x h i b i t  a tendency t o  powder 
Prepared by: 
Materials A p p l i c a t i o n  
Approved by : 
Sect Y on Manager 
Materials A p p l i c a t i o n  
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SCOPE: 
This specification covers materials, preparation o f  materials and 
appl Biation o f  one type of thermal control coating. 
APPLICABLE DOCUMENTS: 
The following documents provide information relevant to the ascribed thermal 
con t i.01 coa t i ng 
Dow Corning Bulletin 08-226, Dow Corning 92-007 Thermal Control Coating, 
July 3966, 
Dow Corning Bulletin 08-177, Dow Corning 1200 and 4094 Primers, September 
F 965 
Dow Corning Report i o ,  #-369,1 Pigmenting Dow Corning 92-009, April !4 ,  1966, 
Dow Corning Report No, E-237, Spraying Room Temperature VuleaisOz 
S I  1 0 cone Rubber’s, August 13, 1965 e 
MATERIALS: 
Dow Cawing 92-007 Thermal Control Coating, Dow Corning Corporat 
Dow Corning 1200 Primer, Dow Corning Corporation. 
n-Heptane, Moisture Free, Reagent Grade, Diluent. 
Toluene, Moisture Free, Reagent Grade, Diluent or Solvent. 
DrierOte (calcium sulphate pel lets), or equivalent desiccant. 
FORMULATION: 
ng 
on 
The Dow Corning 1200 Primer shall be applied in the as-received condition. 
A typical batch formulation of Thermal Control Coating is comprised as 
follows: 
Dow Corning 92-007 300 parts by weight 
n-Hep tane ( d  i 1 uen t) 50 parts by weight 
To1 uene (d  i 1 uent) 25 parts by weight 
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Certain precautions should be observed: 
All materials should be kept free from moisture. 
To insure moisture free diluent or solvent -- a drying compound, such 
as calcium sulphate, should be added in sufficient amount to cover the 
bottom of the storage container, A change sf color of  commercial drying 
compounds From blue to pink indicates water pick-up. Additional drying 
conipound should be introduced into the solvent diluent until no further 
colior change OCCU~S over a 24 hour period. 
Ail1 containers with primer and formulation ingredients should be kept 
closed when not in use. 
Addition o f  dfluents to the 92-007 coating material should be made without 
introducing moisture laden air, This can be accomplished by adding the 
diluents and rolling the mixture in a closed container or agitating in 
a paint shaker, 
The storage life (in closed containers) o f  both the 92-007 coating 
and the 8200 primer is a maximum of six months from the date o f  
manufacture when stored below 90°F. 
SURFACE PREPARATION: 
The substrate surface to be primed shall be thoroughly solvent cleaned 
w i t h  a s o f t  cloth soaked in moisture-free toluene. 
PRIME COAT APPL B CAT I ON: 
Dow Corning 1200 Primer shall be applied within one hour after solvent 
clean! ng 
The coating shall be applied evenly by spraying to a dry film thickness 
of approximately 0.3 mil., 
The primer shall be allowed to air dry, preferably at room temperature 
(60-80°F) and 50% relative humidity f o r  at least 30 minutes. 
Primer I200 i s  supplied in a flammable solvent and shall be applied in 
a well ventilated area. It should be kept away from h e a t ,  sparks and 
open flames. 
THERMAL C O N T R O L  COATING APPLICATION: 
The 92-007 coating shall be evenly 
Conventional paint-spray equipment 
as formulated in Paragraph 4,2, 
applied by spray application. 
can be used t o  apply this material 
TPFC-1968 CC R E V .  PRINTED IN U.S.A. 
L 2 . 1  Typical application parameters are: 
Spray gun distance from substrate surface 
A I  r gun pressure 
Spray passes over substrate 5-7 
Thickness bui Id lap (dry) per pass 0.4-0.6 mil 
Drying between passes 
Final dry film thickness 3.0-4.5 m i l s  
12-18 inches 
60 psi 
15 sec/mi 1 
7.3 Spray coating should be adjusted so that at least 15 seconds 
drying shall take place between each 1 m i l  dry coating application. 
7.4 The coated substrate may be handled 2-4 hours after coating, but a 
5-day cure shall be allowed before exposing to space 
environmental conditions. 
7.5 Thermal control coatings contain flammable solvents. Adequate 
ventilation should be provided away from heat and open flames. 
prolonged exposure to vapor,and prolonged or  repeated skin contact. 
Avoid 
7.6 The cured structure coating should be protected from contamination by 
seal ing in 5 m i l  polyethylene (or equivalent) fi Im. 
i 
Prepared by: 
I 
Materials Application 
Approved by: 
Section Manager 
Materials Application 
This document is the property of TRW Inc., and i s  furnished for authorized use only 
2 and on the condition and understanding that it i s  confidential. Neither this document 
nor the information disclosed herein shall be disclosed to others, copied, reproduced 
z or otherwise transferred to other documents o r  used for manufacturing or any other purpose 
,! except as authorized in writing by TRW. 
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